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Abstract
This research project was conceived for two primary reasons. First, it was t o determine whether asset
allocation decisions could be improved by using certain tools from Modern Portfolio Theory. Second, it
was to test data that is relevant to the UAHuntsville Capital Management Group (CMG), in order to help
the student portfolio managers make better asset allocation decisions for their portfolios. The CMG is
comprised of students in the College of Business Administration that manage a portion of TVA's Nuclear
Decommissioning Trust Fund for the TVA Investment Challenge, in addition to managing the group's
own portfolio, the Charger Fund. The CMG's N A portfolio is comprised of large capitalization stocks,
which are representative of the S&P 500 Index. The index is comprised of 10 economic sectors, each of
which is weighted differently in the index. The objective of this research is t o investigate whether using
the efficient frontier to allocate investments among these sectors will provide better portfolio
performance as measured by overall risk and return.

The key questions posed to test the research hypothesis are as follows:
1. Can the portfolio's risk-to-return ratio be improved by making asset allocation decisions

according to the efficient frontier?
2. What effect does the choice of timeframe for calculating the efficient frontier have on asset

allocation decisions?
3.

Does this method provide better portfolio return or risk in absolute terms?

The methods developed in this thesis were back-tested historically t o determine their utility. It became
clear as the research progressed that the risk and return profile of the test portfolios were improved
significantly. The results provide insight into what methods might be used t o better make sector
allocation decisions within a portfolio that is designed t o outperform the S&P 500 Index.

Introduction
Theory
Modern Portfolio Theory (MPT) is a financial model that seeks to explain the relationships between risk
and return for investment portfolios. Since most investors are risk averse, meaning they desire to avoid
the possibility of losing investments, this model tries to systematically manage the problem of reducing
risk in portfolios while maximizing return potential. One common saying that broadly describes the risk
reduction goal is "don't put all of your eggs in one basket." This is the principle of diversification, which
reduces overall risk by reducing the chance that an entire portfolio will be hurt in the event that one
security fails. Diversification, however, is only one focus of the broader investment decision of asset
allocation. Asset allocation includes diversification, but deals more generally with making allocations
among asset classes, which carry varying levels of expected risk and return. A typical asset allocation
decision would involve selecting the balance of domestic and international investments, asset classes
(stocks/equities, bonds, cash, commodities, etc.), and industries or economic sectors.

The portfolio management world was revolutionized with the publication of the seminal article,
"Portfolio Selection", by Harry Markowitz in The Journal of Finance in 1952 (Markowitz, 1952). In the
article, Markowitz developed the efficient frontier, a mathematical process that finds and plots a group
of unique portfolios that are said to be efficient. An efficient portfolio is a portfolio that has been
optimized for both return (mean) and risk (variance) by adjusting the proportion of investment in each
of the underlying securities. Each efficient portfolio on the frontier represents the maximum possible
expected return for a given level of risk, and, conversely, represents a minimum risk level for a given
expected return. It would thus be impossible, given the underlying securities, to achieve a higher return
portfolio without adding additional risk. The plot of the efficient frontier is in mean-standard deviation
space and is typically represented by a convex curve when more than two underlying securities are
present. Figure 1illustrates a graph of a typical efficient frontier. Points 1through 4 depict the individual
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assets that, when combined in varying proportions, make up the efficient portfolios along the efficient
frontier.

Figure 1
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Hypothesis
This research seeks to answer multiple questions related to improving portfolio management. Broadly,
the tested hypothesis is the assertion that future asset allocation decisions can be improved by
analyzing historical data with the efficient frontier. More specifically, this hypothesis led t o the
formation of a series of related questions:
1. Can a portfolio's risk-to-return ratio be improved by making asset allocation decisions using the

efficient frontier?
2. What effect does the length of the historical estimation period for calculating the efficient

frontier have on asset allocation decisions?
3.

Does the efficient frontier provide better portfolio return or risk in absolute terms?
4

The two primary purposes for this research are to evaluate whether the efficient frontier is a useful tool
for making asset allocation decisions among broad economic sectors and to provide insight into sector
allocation decisions for the student-managed UAHuntsville Capital Management Group.

Methods/Software
To test the hypothesis while also focusing on the information that would most benefit the UAHuntsville
Capital Management Group, primary research was conducted to determine if the efficient frontier
would be relevant in making asset allocation decisions among the ten economic sectors represented in
the S&P 500 Index.

To systematically test the validity of the hypothesis, a series of monthly test portfolios were
constructed, back-tested, and compared with the control portfolio over time. As the performance
benchmark, the S&P 500 Index was selected as the control portfolio. Each test portfolio consisted of
some mixture of the 10 economic sectors within the index, according to the two methods described in
the section below. The proportion of investment in each sector for the individual test portfolios was
determined by the efficient frontier. The efficient frontier, however, gives a set of many efficient
portfolios. So, to select the most comparable efficient portfolio, the portfolio that exhibited the same
level of risk as the index was selected in each period. Graphically, this is illustrated in Figure 2 as the
portfolio (red circle) that lies directly above the index (labeled 1) on the frontier.

Figure 2
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In each case, because the index itself is not an efficient portfolio, this process produced a portfolio with
a similar risk profile, but higher historical returns than the index.

The construction of each efficient frontier was completed using VisualMVO, a standalone software
package developed by Efficient Solutions, Incorporated. VisualMVO uses monthly return data to
calculate the efficient frontier. Once the proper efficient portfolio was selected from the plot, the
software estimated the corresponding proportions that should be used for each of the 10 sectors during
the test period.

The daily prices of the S&P 500 Index and each of its 10 sectors were obtained from Yahoo Finance and
Standard & Poor's, and were transformed into monthly return data for input into VisualMVO.

Return and Risk Calculations
Return during period n-1 to n was calculated using:

Where p , . ~is the price of an asset at the beginning of the period, and p, is the price of the asset at the
end of the period. Then, the standard deviation of the returns was calculated and served as a proxy for
risk.

Method 1used three years of return data for estimating the efficient frontier. Therefore, the test period
portfolio was allocated according to the efficient frontier derived from the 36 months directly preceding
the test period. The following diagram depicts the process used in Method 1.

Estimate efficient
frontier using 36
months of historical
data

Use proportions from
efficient frontier to
construct portfolio for
the test period

Compare test
portfolio's
performance with the
control portfolio
during the test period

Method 2 used one year of return data for estimating the efficient frontier. Therefore, the test period
portfolio was allocated according to the efficient frontier derived from the 12 months directly preceding
the test period. The following diagram depicts the process used in Method 2.

Estimate efficient
frontier with 12
months of historical
data

Use proportions from
efficient frontier to
construct portfolio for
the test period

Compare test
portfolio's
performance with the
control portfolio
during the test period

Assumptions
There are several important assumptions within this model that are critical for evaluating the hypothesis
accurately.

The first is that the standard deviation of returns, which is a measure of volatility, serves as a proxy
for risk.

Second, sector-based securities, such as exchange traded funds (ETFs), are available and have
infinite share divisibility. This means that any proportion of shares can be purchased. Additionally,
these securities must track the value of sectors exactly.

The third assumption is that there are no transaction costs, which can vary widely depending on
brokerage arrangements. By eliminating these variables, the hypothesis can be tested on its own
merits, without regard to investors' individual situations.

Including certain variables that are investor-specific would skew the results. While some of these
assumptions are not realistic for individual investors, many of them become so for managers of large
portfolios, due to the scale of investment. These assumptions would be adjusted on a case-by-case basis
for actual investment decisions, such as those for the UAHuntsville Capital Management Group.

Overview of Data
A table of daily sector prices from October 1998 to August 2008 was provided by Standard & Poor's,
and the concurrent daily index prices were obtained from Yahoo Finance. From this combined data set,
monthly return calculations were made according to the method previously described and placed in a
format appropriate for importing into the VisualMVO software package. This provided 119 periods (6
years and 11months) of monthly returns from which to test the hypothesis. One important note, which
will be discussed in the data analysis section below, is that the stock market was experiencing the "tech

bust" from 2001 to February of 2003. This was the greatest loss in value the stock market had
experienced in many years. This extended market downturn was actually helpful for this research,
because the hypothesis was tested through both bear and bull markets, which is important for drawing
accurate conclusions about its validity.

Results and Data Analysis
Figure 3 summarizes the results of the test portfolios from October 2001 to August 2008, and compares
them to the control portfolio. A complete table of monthly return data is located in Appendix 1.

Figure 3
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During the 83 months tested, the annual return of the control portfolio was 3.07%. In contrast,
portfolios constructed using Method 1, which used a 36 month historical estimation period, achieved
5.28% annual returns, outperforming the control portfolio by 2.21 percentage points. Method 2, which
used only a 12 month estimation period, produced the best results. The return on portfolios constructed
using Method 2 was 3.23 percentage points higher than the control portfolio, more than doubling its
returns.

Figure 4 shows the cumulative returns of each method based on a $10,000 initial investment.

Figure 4
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In addition to analyzing the returns of the test methods, it is also critical to evaluate their risk. The riskto-return ratio is a measure of the level of risk taken for every unit of return, thus, the lower this ratio,
the better the relative performance. Method 1produced approximately one additional percentage point
of standard deviation, but still resulted in a significant reduction in the risk-to-return ratio, from 1.21 to
0.86. Method 2 produced a 0.62 risk-to-return ratio, which is nearly half of the 1.21 characteristic of the

control portfolio. This outperformance is noteworthy because it more than doubled the returns without
significantly increasing the risk level when compared to the control portfolio. The risk and return profile
of Method 2 actually mirrored the long run performance of the S&P 500 (1950 to present), which

produced 6.72% returns and a standard deviation of 4.18%. Achieving this performance during a period
that contained one of the top five market downturns in United States history shows that this asset
allocation strategy may not only bolster growth during bull markets, but may also provide promise for
portfolio protection during bear markets.

Because the test period contained both bear and bull markets, it is interesting to analyze the
performance of the methods during each type of market individually. October 2001 to February 2003,
the first 17 periods of the data set, were in declining markets. This historic drop is commonly referred to
as the "tech bust." The remaining 66 periods until August 2008 contain positive overall growth. Figure 5
gives a summary of the average monthly performance of both test methods compared to the control
portfolio during these market environments.

Figure 5
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As Figure 5 shows, test Method 1and Method 2 on average outperformed the market by 0.20% and
0.26% per month, respectively. When broken down into bear and bull markets, however, it becomes
clear that the two methods perform very differently. Method 1outperformed by a larger margin during
up markets, while it significantly underperformed during down markets. On the contrary, Method 2
produced more consistent results. It outperformed the market by 0.24% during bull markets, and
outperformed even stronger, by 0.34%, during the bear market. So, even though Method 1is stronger
during the much longer bull market, Method 2 produces better overall results by protecting its value

during the 17 month bear market. Method 1results in more risk, so it appears that it functions as a
market lever, increasing positive returns, and worsening negative returns.

It would seem that Method 2, which contains higher returns, would outperform the benchmark more
consistently than does Method 1.Interestingly, as Figure 6 shows, this is not the case.

Figure 6
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Method 1outperforms the index seven more periods than it underperforms (45 months versus 38
months), while the gap is reduced to three periods for Method 2 (43 months versus 40 months). Looking
at the trend in both bull and bear markets, Method 1nearly cancels its over- and underperformance in
bear markets, but outperforms six more periods than it underperforms in bull markets. The opposite is
true for Method 2. Its net outperformance is 3 periods during the bear market, and completely balances
occurrences during the bull market. This obviously ignores the magnitude of each over- and
underperformance, but illustrates the persistence of each method during different market
environments.

Since the two methods perform differently in bear and bull markets, it is interesting to look at how a
hybrid method, one that follows Method 1during bull markets and Method 2 during bear markets,
would have performed. Not surprisingly, the results were far more impressive than one method alone.
Figure 7 summarizes the data for the hybrid method and compares it to the test methods and the
control portfolio.

Figure 7
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These results are impressive. The hybrid method produced a similar risk profile to the index and Method
2 during this period, but beat the market's returns by 4.99 percentage points. It also resulted in a risk-to-

return ratio that beats even the long run values for the S&P 500. Figure 8 illustrates a $10,000
investment in the hybrid strategy compared with the initial strategies.

It should be noted that the hybrid method was constructed in retrospect. On a real-time basis, it is

impossible to determine when bull and bear markets begin and end. Therefore, the hybrid method
would be very difficult to employ for actual portfolio managers. Nevertheless, the results provide
another glimpse into what might be possible with improved methods.

Figure 8
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Conclusion
After testing the hypothesis, it seems possible that asset allocation decisions can be improved using the
efficient frontier. The data also gives insight into which methods work better in different market
environments. This research has shown that it is possible to use the efficient frontier as a framework for
making asset allocation decisions, but opens the door to many more questions about which methods
would be best to more frequently beat the market by greater margins.

The following three questions, which were posed in the hypothesis, have been answered by the
research.
1. Can a portfolio's risk-to-return ratio be improved by making asset allocation decisions according

to the efficient frontier?

Based on the results of applying Methods 1,2, and the hybrid method, it is clear that the risk-toreturn ratio can be improved significantly by using the efficient frontier. In the case of Method 2,
which could easily be implemented, the risk-to-return ratio was practically cut in half.
2. What effect does the length of the historical estimation period for calculating the efficient frontier
have on asset allocation decisions?

While all three methods tested provided portfolios that consistently outperformed the S&P 500
Index, it is clear that the historical estimation period has a significant impact on the overall
performance of a strategy and performance within varying market environments. Due to the
complexity of determining changes in the market environment real-time, it could be argued that
using a single model, such as Method 2, that outperforms more on average should be used to
eliminate subjectivity. This places the investment decision in the hands of an algorithm that
systematically improves performance.
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3.

Does this method provide better portfolio return or risk in absolute terms?
Method 1, which used a 36 month estimation period, produced both greater risk and greater
returns than the control method. Method 2 did not significantly increase the level of risk, but more
than doubled the control method's returns.

Recommendationsfor further research
This research not only answered several key questions, but laid the foundation for the next level of
research into making asset allocation decisions using similar methods. There are three separate issues
that need to be investigated to determine which factors most contribute to the optimal application of
this strategy.

1. Further research should be conducted to iteratively test these methods over longer periods of time.

Market data is available for most of the 2othcentury, which should be tested to discover whether
this model is persistent over time and through various market situations.
2.

It is clear that the length of the historical estimation period affects the overall performance of the
asset allocation model. What level is optimal? Does the optimal level really depend on the market
environment? Is it likely that there is a tradeoff between shortening the length of the estimation
period and whether a representative sample can be obtained from the shorter estimation period?

3.

Can better results in terms of risk and reward be obtained by using a different method to select a
portfolio on the efficient frontier? Does constructing the capital market line (CML) by adding a risk
free security allow a proxy for the market portfolio to be found? Would this "market portfolio" be
the best portfolio to beat the market?
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Monthly Return Data
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Appendix 1 (continued)
Monthly Return Data
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